I mplant treatment in the extremely atrophic maxilla typically presents a challenge because of anatomical and clinical factors. The posterior maxillary region is characterized by (1) inadequate residual bone height because of maxillary sinus expansion and/or alveolar bone resorption and (2) poor bone density that is often type III or IV, according to Lekholm and Zarb classification schema. To increase bone volume and enable placement of standard implants, maxillary sinus augmentation is considered the gold standard for treatment. Onlay bone grafting, titanium mesh reconstruction, short and ultrashort implants, and zygomatic implants have been proposed for rehabilitation of the atrophic posterior regions. 1, 2 On rare occasions, alveolar bone resorption in the premaxillary region can lead to bone dimensions that are inadequate to accommodate standard implants. Because bone augmentation in this region is more difficult and less predictable, many authors instead suggest using implants placed in augmented posterior ridges to support full-arch maxillary rehabilitation. 1, 2 In patients with extremely atrophic maxillae, where bone volume in both the posterior and anterior regions is insufficient, a limited number of surgical strategies may enable delivery of full-arch fixed rehabilitations. Le Fort I and inlay bone grafting is one of the more invasive approaches, but it can enable achievement of a restitution ad integrum. 1, 2 Titanium mesh and maxillary sinus grafting is another invasive approach that can enable increasing the residual bone volume enough to accommodate standard maxillary implants. 3 Short implants have also been suggested to reduce patient discomfort and distress. 4 They have been demonstrated to be a predictable solution as alternative to augmentation surgery in many Introduction: Extremely atrophic maxillae can be considered the most important indication for threedimensional maxillary reconstruction. Different bone-augmentation techniques have been suggested to accomplish this. This article illustrates a minimally invasive approach to rehabilitation of the extremely atrophic maxilla.
Material and Methods: A 63-year-old male patient was referred for restoration of his totally edentulous maxilla with a fixed full-arch implantprosthetic rehabilitation. Four short implants in the premaxillary region and 2 longer implants in the pterygomaxillary regions were inserted with piezoelectric implant site preparation.
Discussion: At the 1-year follow-up appointment, no clinical or radiographic changes in the softtissue contours or crestal bone levels were observed.
Conclusion: This surgical approach, based on the combination of short implants in the premaxillary regions and pterygoid implants in the pterygomaxillary regions, represents a way to shorten treatment timing, minimize the risk of surgical complications, and reduce patient discomfort and costs. (Implant Dent 2017;26:
prospective and retrospective studies with both short-term and long-term follow-up. [5] [6] [7] [8] [9] [10] [11] [12] [13] Finally, using zygomatic implants can make it possible to avoid bone grafting, reduce overall treatment time and costs, and carry out immediate loading. 14, 15 A few retrospective studies have also been published about placement of pterygoid implants to avoid sinus augmentation in the posterior maxilla. [16] [17] [18] [19] The aim of the present report is to illustrate a minimally invasive approach to rehabilitation of extremely atrophic maxilla. In the case described here, after failure of an implant-supported rehabilitation, 4 short implants were placed in the premaxillary region and 2 longer implants in the pterygomaxillary region, to achieve favorable implant distribution to support a new full-arch fixed rehabilitation.
MATERIAL AND METHODS
A 63-year-old male patient was referred to the authors for restoration of his totally edentulous maxilla with a fixed full-arch implant-prosthetic rehabilitation. His medical history was unremarkable, but clinical examination found total edentulism in the wake of failure of a previous implant-prosthetic rehabilitation. Panoramic x-rays and cone beam computed tomographic evaluation showed severe resorption of all the alveolar maxillary bone and substantial expansion of the maxillary sinus; only maxillary basal bone remained, with bone volume inadequate to accommodate standard implants. Moreover, the osseointegrated apex of a fractured implant was observed on the left side of the premaxilla (Figs. 1 and 2).
After extensive discussion with the patient, a treatment plan was developed that included full-arch rehabilitation supported by a combination short implants and pterygoid implants, to avoid bone grafting and general anesthesia, reduce patient discomfort, and shorten overall treatment time. The patient provided informed consent.
Under local anesthesia, a crestal incision was performed extending from one pterygomaxillary region to the contralateral one. This permitted the raising of a full-thickness flap that exposed the entire maxilla, as well as the tuberosity regions (Figs. 3 and 4). Six double-variable threaded tapered implants were placed. Four short implants in the premaxillary regions engaged the floor of the nasal cavity and maxillary sinus, whereas 2 pterygoid implants in the posterior maxillary regions engaged the pterygoid plates (Figs. 5 and 6). All implant sites were prepared with a combination of surgical drills and piezoelectric tips (IM1S, IM2P-15, and P2-3). The short implants were placed axially, whereas the pterygoid implants had an angulation of approximately 70 degrees relative to the occlusal plane (Fig. 7) . Two 8-mm long implants were placed in the #11 and #21 sites. Two 6-mm long implants were placed in sites #13 and #23, and two 15-mm long implants were placed in sites #17 and #27. All implants had a diameter of 4.1 mm (Fig. 8) .
Although all implants achieved good primary stability (insertion torque . 35 Ncm and implant stability quotients values . 60), a two-stage delayed approach was chosen to ensure optimal osseointegration before functional loading. Healing was uneventful and Preoperative panoramic x-rays and evaluation showed severe resorption of all the alveolar maxillary bone and substantial expansion of the maxillary sinus. The volume of the residual bone was inadequate to accommodate standard implants. Fig. 3 . A full-thickness flap from one pterygomaxillary region to the contralateral one was raised. This is the left tuberosity region after flap elevation. Fig. 4 . A full-thickness flap from one pterygomaxillary region to the contralateral one was raised. This is the right tuberosity region after flap elevation. after approximately 4 months, a palatal incision was made to expose the submerged implants and move the keratinized tissue buccally. Straight or angulated low-profile conical abutments were connected to the 6 implants, and after surgical flap closure, an impression was made using a custom tray, to enable delivery within 48 hours of an acrylic resin provisional prosthesis. Three months later, a composite resin titanium-reinforced definitive prosthesis was delivered to the patient. The occlusal surface of the definitive prosthesis was thoroughly modeled so that it was in contact with reduced areas during laterality and protrusion excursions, to reduce the dislocating vectorial components. More contacts were maintained in maximum intercuspidation. The patient was instructed to use 2 chlorhexidine digluconate 0.2% rinses per day during the first 2 weeks, followed by professional oral hygiene every 6 months.
No surgical, healing, or prosthetic complications occurred during treatment or follow-up. At the 1-year appointment, soft-tissue contours and crestal bone levels were stable with no significant clinical or radiographic changes apparent (Figs. 9-13 ). The patient was satisfied with both the function and aesthetics of the rehabilitation.
All implants were considered successful because no signs of mucositis or peri-implantitis were observed during follow-up.
DISCUSSION
Pterygoid implants were first developed by Tulasne in 1989. 20 These devices engage the pterygoid process of the sphenoid bone, remaining parallel to the posterior wall of the sinus first, Fig. 7 . All implant sites were prepared and checked with parallel pins. The short implants were placed axially, whereas the pterygoid implants had an angulation of approximately 70 degrees relative to the occlusal plane. Fig. 8 . Immediately after the implant surgery, a postoperative panoramic x-rays was taken. All implants were in good position; the pterygoid implant engaged the pterygoid plates. Fig. 9 . At definitive loading a panoramic x-rays was taken to check the implantprosthetic connections. All prosthetic components showed a good fit. Fig. 10 . One year after loading a periapical, x-rays were taken to evaluate periimplant bone stability. Right pterygoid implant showed no periimplant marginal bone loss. Fig. 11 . One year after loading a periapical, xrays were taken to evaluate periimplant bone stability. Short implants in position #13 and #11 showed no periimplant marginal bone loss. then passing through the maxillary tuberosity, and following an oblique mesiocranial direction. The distal angulation depends on the maxillary sinus floor and the bone height of the tuberosity. 21 Many authors have reported success rates for pterygoid implants ranging from 90.9% to 100% after follow-up periods ranging from 1 to 12 years. [21] [22] [23] [24] [25] [26] However, some success rates of less than 90% have been reported because of a lack of osseointegration. [27] [28] [29] [30] [31] Only a few studies have measured crestal bone loss around pterygoid implants because it is difficult to assess the crestal bone levels, given the posterior position of these implants. Nevertheless, some authors have reported values of crestal bone loss similar to those for maxillary implants, that is, less than 2.0 mm. 25 Park and Cho 26 (2010) found mean crestal bone loss of 0.9 mm after 6 years of functional loading, whereas Balshi et al 23, 27, 28 reported mean bone loss of 1.2 mm after a follow-up of 5 years.
The use of pterygoid implants in a full-arch rehabilitation permits avoidance of distal cantilevers, extension of the posterior occlusion, and optimal distribution of functional loads because of a favorable implant-prosthetic polygon. Moreover, pterygoid implants engage the dense cortical bone of the pterygoid plates, achieving high primary stability. [16] [17] [18] [19] Regarding short implants, many authors have demonstrated their efficiency in both the mandible and maxilla after short-term and long-term followup. Systematic reviews of short and ultrashort implants have underlined the predictability of this kind of rehabilitation for atrophic regions, with survival and success rates comparable with those of longer implants. 9, 11, 15, 32, 33 De Santis et al 34 observed after a 3-to 5-year follow-up a survival rate of 96.1% and a success rate of 93.1% for short implants with a moderately rough surface. The same authors reported mean bone loss of 0.9 mm. These results are comparable with those for standard implants after a similar follow-up period.
Rossi et al 10 reported a success rate of 86.7% for 6-mm long implants supporting single crown restorations after 5 years of follow-up compared with a 96.7% success rate for 10-mm long implants. Moreover, no statistically significant differences in crestal bone loss were noted during the follow-up period.
Esposito et al 12 evaluated whether 5-mm long implants could be an alternative to augmentation with anorganic bovine bone and placement of at least 10-mm long implants in posterior atrophic jaws. Three years after loading, the 5-mm long implants achieved results for implant success and crestal bone loss that were similar to those for longer implants placed in augmented bone. Although treatment with short implants is typically faster and cheaper than vertical bone augmentation, data on the long-term prognosis of short implants are still insufficient. There are many studies that compared short implants and longer implants in augmented sites, but all these studies reported only shortterm results 9, 10, 35, 36 Based on these data, the authors used a combination of short implants in the premaxillary region and posterior pterygoid implants to restore an extremely atrophic maxilla. Although placement of implants in the pterygomaxillary region requires surgical experience and detailed anatomical knowledge, there are no significant surgical risks because of the absence of important anatomical structures. Any bleeding from implant sites from veins of the pterygoid muscle or venous pterygomaxillary plexus can quickly be stopped once the implants are placed. The internal maxillary artery crosses 10 mm above the pterygopalatine suture as it enters the pterygopalatine fossa. The distance from the internal maxillary artery to the pterygomaxillary suture is approximately 25 mm. 21, 25 Lee et al 37 measured the height distance, anteroposterior distance, and mediolateral distance of the pyramidal process from pterygoid implants, observing the shape of lateral and medial surfaces of the pterygoid process. A classification of these regions provided anatomical features in relation to placement of implants in the molar region of the maxilla and is useful in treatment planning of totally edentulous patients.
Finally, Valeron and Valeron 38 suggested to prepare the implant site with a combination of drills and straight osteotomes. The entry point is created with a round bur followed by preparation of the implant bed with the smallest straight osteotome. A pilot drill establishes the direction of the implant axis, and site preparation continues with consecutive osteotomes in combination with drills of increasing diameter.
In this study, the osteotomes were substituted with Piezosurgical tips to obtain the biological advantages of implant site preparation using a piezosurgical device. 39, 40 A recent study suggested that ultrasonic implant site preparation could modify the early phases of osseointegration process. In particular, it seems able to induce an earlier increase in bone morphogenetic proteins, to control inflammatory process, and to stimulate bone remodeling. 41 
CONCLUSION
Extremely atrophic maxillae are the most important indication for threedimensional maxillary reconstruction; different bone-augmentation techniques have been suggested. Placement of zygomatic implants has also been considered a viable option. The combination of short implants in premaxillary regions and pterygoid implants in pterygomaxillary regions represents another way to shorten treatment timing, minimize the risk of surgical complications, and reduce patient discomfort and costs. Pterygoid implants make it possible to avoid a prosthetic distal cantilever and enhance the stability of implantprosthetic restorations. At the same time, high success rates have been demonstrated for short implants after long-term follow-up. The surgical approach presented in this case report can be considered a viable option for the treatment of extremely atrophic maxillae, those in which the residual bone volume does not permit placement of standard implants without bone-augmentation surgery.
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